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Mineral Assemblages of the Sediments of the Ala Wai
Canal and Its Drainage Basins, O'ahu, Hawai'i1
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ABSTRACT: To understand the origin of the mineralogy of the sediments in
the Ala Wai Canal, 20 soil and stream sediment samples were collected from
Manoa, Palolo, and Makiki Valleys. X-ray diffraction analysis was used to
determine mineralogical composition. Four mineral assemblages are recog-
nized: plagioclase from mechanical weathering present in Makiki Valley and
pyroxene, olivine, plagioclase, and ilmenite in Manoa and Palolo Valleys; (2)
maghemite, hematite, and kaolinite present in all three valleys from chemical
weathering and gibbsite and goethite in Manoa Valley and goethite in Palolo
Valley; (3) quartz in all three valleys from aeolian deposition; and (4) pyrite,
calcite, and aragonite in the Ala Wai Canal, and kaolinite and gibbsite derived
from the watershed studied.
THE ALA WAl CANAL, which extends along Tantalus as the head of Makiki Valley. Sugar-
the landward side of Waikiki, was con- loaf with its two craters formed the separa-
sfrucfea-i-n-l92'1-to-prevent-fteecling-et'-tien-betweell-Makiki_and_MaRoa Valleys,
Waikiki. Makiki, Manoa, and Palolo Streams The nephelinite lava from Sugarloaf cascaded
drain into the canal. These drainage basins down Manoa Valley and continued into low-
are located in the long spurs of the south- er Manoa Valley, blocking Manoa Stream.
western Ko'olau Mountains sloping gently The new course of Manoa Stream is located
from mountain crest to sea along southern on the east side of the valley (Macdonald et
O'ahu. To understand the origin of the min- al. 1983).
eralogy of the sediments in the Ala Wai Palolo Stream initially flowed toward
Canal, 14 soil samples from Makiki, Manoa, Waikiki and into the ocean. Lava from the
and Palolo Valleys and six stream samples growth of the 285,000-yr-old Kaimuki dome
from Makiki, Manoa, and Palolo Streams (Gramlich et al. 1971) blocked the flow of
were collected (Figure 1) and analyzed for Palolo Stream, causing it to flow westward
their mineralogical content. Manoa and and join Manoa Stream entering Waikiki to
Palolo Valleys are two of the series of amphi- the ocean. In recent time, Makiki, Manoa,
theater-headed valleys developed along the and Palolo Streams have been engineered to
slope of the 2.6-rnillion-yr-old Ko'olau range. drain into the Ala Wai Canal (Glenn and
Tantalus, Round Top, and Sugarloaf erupted McMurtry 1995).
67,000 yr ago (Gramlich et al. 1971) with The rainfall record in centimeters/year of
the Maikiki, Manoa, and Palolo Valleys is
listed in Table 1. Makiki Valley has 97 cm/yr
l-universilYOf~H1{wa·i'i~S~ho~I~0f-0cean-and-Eafth--near-the-entranee-cernpaf€d-with-38-1-cm/-yr.
SCience and Technol.ogy cont?bubon no. 385.4. Research at the head of the valley. Manoa Valley has
supported by Nabonal Science Foundabon Young . .
Scholars Program Grant RCD-9055 108. Manuscript 66 cm/yr near Its entrance compared wIth
accepted 23 January 1995. 406 cm/yr at the head of the valley. Palolo
2Department of Geology and Geophysics, Univer- Valley has 89 cm/yr near its entrance com-
sity of Hawai'i at Manoa, Honolulu, Hawai'i 96822. pared with 333 cm/yr at the head of the
3 Moanalua High School, 2825 Ala Ilima Street, 1 h h 11 h fHonolulu, Hawai'i 96818. val ey. T ese tree va eys ave an average 0
4Waipahu High School, 94-1211 Farrington High- 84 cm/yr near the entrance of the valleys and
way, Waipahu, Hawai'j 96797. 290 cm/yr at the head of the valleys.
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FIGURE I. Sediment and soil locations in the Ala Wai Canal and its drainage basins.
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The rocks of the Ko'olau Volcano consist
of mostly tholeiitic basalts. Petrologically,
the Ko'olau basaltic rocks are rather uni-
form. Phenocrysts of olivine, orthorhombic
pyroxene, and plagioclase constitute up to
50% of the rocks. Groundmass minerals
are feldspar, olivine, orthorhombic pyroxene,
augite, magnetite, ilmenite, apatite, and glass
(Wentworth and Winchell 1947).
Intensity of weathering of basaltic lava
and ash of the Hawaiian Islands is closely
related to rainfall (Figure 2) (Sherman 1952a,
Johnnsson et al. 1993). Primary minerals are
altered to montmorillonite when the annual
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STATION"
TABLE I
RAINFALL DATA FOR MAKIKI, MANOA, AND
PALOLO VALLEYS
VALLEY
SoURCE: Commission on Water Management, State of
Hawai'i, Department of Land and Natural Resources (Giam-
belluca et al. 1986).
•For station locations, see Figure I,
Manoa
Palolo
using CuKa radiation at a setting of 40 rna
and 45 kv. Scans were made from 2 to 70° 20
at 5° per minute. Semiquantitative analysis
by the methods of Fan and Rex (1972) was
CM/YR used to determine the relative abundance of
-M-a-kl-'k-j------70-7-------9-5.-61 minerals by using peak height calibration
709 97.31 factors for the various phases.
711.1 65.86 Halloysite is a member of the kaolinitic
712 172.77 suite of minerals, which have similar X-
713 99.26 ray diffraction (XRD) patterns and require
~~1 2~~:j~ detailed analysis to identify them. In this
716 366.85 study halloysite and kaolinite are included as
718 333.17 kaolinite.
721 108.76 Magnetite and maghemite (yFe20 3 ) have
similar XRD patterns and are difficult to
differentiate. Less than 5% of magnetite and
ilmenite in Hawaiian basalt (Winchell 1947)
probably has undergone weathering. The
magnetite in soil could be very fine-grained
rainfall is below about 101 cm/yr. Kaolinite and is probably oxidized to maghemite. Pro-
or halloysite is predominant between 100 and ducts of pedogenesis are usually classified as
200 cm/yr, and goethite and gibbsite are maghemite (Taylor 1987, Schwertmann and
ominant abuve--200-cm~Formation-of-geethite-+ayI0r-l-98g~~I-n-this-stud-)',_the_term.1l1-aghe-_.
is most favorable under alternately wet and mite is used rather than magnetite.
dry conditions, whereas gibbsite forms under Montmorillonite and mixed-layered clay
a continuously wet climate. Bates (1962) minerals are probably present in soil samples
showed that plagioclase alters to halloysite from Makiki, Manoa, and Palolo Valleys
and volcanic glass yields allophane with (Johnnsson et al. 1993). The XRD precedure
alumina and silica gels. Olivine alters to used in this study was unable to detect their
montmorillonite and ferric hydrates and gels. presence. Additional chemical and heat treat-
Gibbsite and ferric hydrates are the final ment and slower XRD scanning speed are
products of very intense weathering. needed for their identification.
MATERIALS AND METHODS RESULTS AND DISCUSSION
Soil samples were taken from selected loca- Eight X-ray diffraction patterns (Figures 3
tions in the watershed area. A hole 0.09 m2 and 4) of three soil samples (7, 10-4, and
was dug into the ground at the sample site 14-2), two stream samples (3 and II), and
where samples were taken at IO-cm to 50-cm three Ala Wai Canal sediment samples (M-3,
intervals. One soil sample from Maikiki (13) M-5, and G-8-20) were selected to represent
was taken at 100 cm. the end member mineral assemblages of the
Waterslieo samples were passeo-rnrough-a-soiIs-and-sediments-eHhe-A-la-Wai-Ganal-and-
1000-/lm sieve and oven dried at 60°C to its drainage basins.
remove moisture. Stream sediment samples The geological age of Makiki Valley is
were wet sieved into two size fractions: 1000 about 2 million yr younger than that of
to 45 /lm and <45 /lm. Ala Wai Canal Manoa and Palolo Valleys (Macdonald et al.
sediment samples were dried at 60°C and 1983). The soil samples (13 and 14) belong to
then reground before X-ray diffraction analy- the Inceptisols order and are weakly devel-
sis. X-ray diffraction patterns were made on oped, natural horizons in young soils (Foote
an automatic diffractometer (Scintag PAD V), et al. 1972). Quartz, the aeolian fraction
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FIGURE 2. Outline of weathering of the Hawaiian Islands (from Sherman 1952a).
of the soils, occurs near the surface of the
Hawaiian soil profile (Jackson et a1. 1971,
Gavenda 1989). Quartz is present in the
Makiki Stream sediment sample (12). Kaoli-
nite, gibbsite, anatase, maghemite, and he-
matite are the weathering products of basalt.
Maghemite has been shown to develop from
the dehydration of colloidal hydrated iron
oxides from Hawaiian soils (Matsusaka and
Sherman 1960). Anatase is generally formed
from weathering of titanium-bearing silicates
(Loughnan 1969). Sherman (l952b) identi-
fied anatase as a secondary product of tropi-
cal weathering in Hawaiian soils. Plagioclase,
40
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pyroxene, and olivine are the products of samples 16-2 and 16-3, near the head of
mechanical weathering that are present in the Palolo Valley, where the rainfall is around
soil profiles (14-1, 14-2). 330 em/yr. Ilmenite and quartz are present in
The soil samples collected in Manoa Val- all samples. The presence of quartz in all
ley belong to two soil orders: (1) Inceptisols- surface samples and to depths of 50 em
sample nos. 5, 6, 7, 19, and 29; and (2) indicates that the soils were exposed a consid-
Ultisols-sample no. 18. The Ultisols origi- erable time to collect the aeolian dusts.
nate in wet climates from strongly weathered The Makiki Stream samples contain quartz
parent material. Leaching removes most of and maghemite, which are also found in the
the cations from the soil horizons, leaving an Makiki soil samples. Ilmenite is unique to the
argillic horizon in the subsoil (Foote et al. stream sample and could be derived from
1972). The soils of Manoa Valley are high soils outside the sampling area.
in secondary minerals such as maghemite, The Manoa Stream samples 1 and 2 are
kaolinite, and gibbsite. Mechanical weather- from the head of the valley. They reflect
ing products such as plagioclase and pyroxene high rainfall and intense chemical weathering
are present in soil sample 20-2, and olivine is products: maghemite, gibbsite, and goethite.
present in soil sample 5. Both of the soil Samples from lower Manoa Stream (3 and
samples are located near the entrance of 8) reflect a local contribution from Manoa
Manoa Valley (nos. 5 and 20) where annual Stream, such as clay minerals, hematite, gyp-
rainfall is 66 em/yr. Ilmenite is present in all sum, plagioclase, and pyroxene.
of the Manoa soil samples. Chemical weather- The Palolo Stream samples (11-2) reflect
ing there is not as intense as at the head the intense chemical weathering processes of
anoa-VaHey-where-the-annual-rainfan-this-area.Jhe_sedimenLsampleconsists of
reaches 406 em/yr. Gibbsite is present near the maghemite, kaolinite, and some quartz. The
head of the valley (7, 18, and 19). Sherman et stream sample 11-1 consists of kaolinite,
al. (1967), in their study of the bauxitic Hali'i gibbsite, and maghemite.
soils from Kaua'i, reported the crystallization Stream sediment sample 4 was taken at
of amorphous iron oxides as possible lepido- Manoa-Palolo Stream before it enters the
crocite and total maghemite as predicted by Ala Wai Canal. This sample consists of
Tamura and Jackson (1953). Sosman and hematite, maghemite, kaolinite, and gibbsite;
Posnjak (1925) reported that lepidocrocite it is a fair representation of the major min-
could dehydrate to maghemite, and goethite erals derived from Manoa and Palolo Valleys.
to hematite. Ilmenite, a residual product of Kaolinite and gibbsite are present in most
mechanical weathering, is present in most of the Ala Wai Canal samples. They are the
samples. Quartz is present in all of the products of chemical weathering, and they
samples from Manoa Valley. are abundant in all areas of the watershed
The soil samples collected in Palolo Valley studied. Anatase, another chemical weather-
belong to two soil orders: (1) Ultisols- ing product, is present in two samples of
samples 15, 16, and 17; and (2) Vertisols- Ala Wai Canal core G-8 at 5-7 em and 98-
samples 9, 10, and 21. The Vertisols order is to 100-cm intervals. Among the mechanical
usually black and high in clay, and is also weathering products, only plagioclase is pres-
known as the Gray Hydromorphic Soils ent in all Ala Wai Canal samples. Ilmenite is
oote etl'il~1972):-'ih-e-mirreral-assemblages-present-in-e0fe-G-8-at-9g-100-cm-~Ma e~
of the soil samples from Palolo Valley are mite and hematite are present in all Ala
similar to those of the soil samples from Wai Canal samples. Pyrite is present in all the
Manoa Valley, with secondary minerals- Ala Wai Canal sediment samples, occurring
maghemite, hematite, and kaolinite-in most in fine sediments and as infillings of forami-
samples. Goethite and gypsum are found in nifera (Glenn et al. 1995, Resig et al. 1995).
some samples. Gibbsite is very abundant at Pyrite in the Ala Wai Canal sediments is
the head of Manoa Valley but only found in formed by the reaction of detrital iron
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RELATIVE MINERAL COMPOSITION OF SOIL AND SEDIMENT SAMPLES OF THE ALA WAl CANAL AND ITS DRAINAGE BASINS
I 1! MINERAL COMPOSlTlONb
LOCATION NO. IDEPTH (em) SOIL" Qtz 01 Pyx II An Plag! Kao Gib Magh Hem Goe Pyr Gyp Calc Arag
Manoa Stream I CC pip C P
2 C P P P
3 C P P P P
M-P Streamsd 4 P P C C
Manoa Valley 5 Inc P P CP
6-1 0-10 Inc C pIp
6-2 10-20 Inc C P C
7 Inc A C
Manoa Stream 8 PCP P T
Palolo Valley 9 Ver C C
10-1 0-10 Ver P P PCP
10-2 10-20 Ver P C C
10-3 30-40 Ver C P P P
10-4 40-50 Ver C P P C
Palolo Stream 11-1 Silt P IC P
11-2 0-10 P A
Makiki Stream 12 P P A
Makiki Valley 13-1 0-10 Inc C P C
13-2 90-100 Inc P C C
14-1 0-10 Inc C C P C
14-2 40-50 Inc P C C C
Palolo Valley 15-1 0-15 Vlt P P PCP T
15-2 20-30 Vlt P P P P P
15-3 40-50 Vlt P P T P P P
16-1 0-10 Vlt P P C T
16-2 10-20 Vlt P P P C C T
16-3 40-50 Vlt P P P P P T
17-1 0-10 Vlt P P T P P
17-2 20-30 Vlt P P P P P P P
17-3 40-50 Vlt T P C P T
Manoa Valley 18-1 0-10 Vlt P TA P P P
18-2 20-30 Vlt T PI C P P P
18-3 50-60 Vlt P P T P P T T
19-1 0-10 Inc P P PCP P T
19-2 20-30 Inc P P P P P P P P
19-3 0-50 Inc T P T PCP P
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minerals (maghemite and hematite) with dis-
solved H 2 S. The source of H 2 S is the
reduction of sulfate during oxidation of or-
ganic matter (Berner 1984, 1985). Among the
aeolian minerals, trace amounts of quartz are
found in two Ala Wai Canal samples from
cores (M-21 and G-8-2). In core G-8 from the
Ala Wai Canal, calcite constitutes more than
90% of the sediment at 45.7-cm and 166- to
I79-cm intervals. The fine-grained calcite and
aragonite are probably the result of induced
precipitation from plankton productivity in
the Ala Wai Canal (Glenn et al. 1995).
CONCLUSIONS
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a The comparative mineralogy of soils and
~ stream sediments of Makiki, Manoa, and
.¥ Palolo Valleys and Ala Wai Canal sediments
~ are summarized in Figure 5. The mineral
_ assemblages of the soil and sediment samI'les
-.¥-- rum rne-AJllWai-Canal and its drainage
~ basins can be grouped into four types: (I)
.,g mechanical weathering products; (2) chemi-1 cal weathering products; (3) aeolian compo-
E nent; and (4) authigenic minerals. Mechanical
~ weathering products consist of plagioclase,
~ ilmenite olivine, and pyroxene. Plagioclase,
~ pyroxene, and olivine are present in Makiki
~ and Manoa Valleys and in Manoa and Palolo
:s Streams. They are not detected in the Manoa-
~ Palala Stream drainage canal, and they are
8' probably masked by the abundant chemically
~. ~ weathered minerals. Plagioclase and ilmenite
~ ~ are present in Ala Wai Canal sediment sam-
; ~ pIes. Chemical weathering products consist
.!!! 0. 1i ~ of gibbsite, maghemite, kaolinite, hematite,
o ~ Ii. ~ goethite, gypsum, and anatase. Gibbsite is
2 ~ E:".; present in Manoa and Palolo Valleys, where~ () -~
::£ :i ~ g the rainfall reached 367 cmjyr and 333 cmj
:8.. .~~ yr, respectively. Maghemite,~mini!t\_an
--]-B-r~~~-·---hemafite are present in all three valleys.
~ ~ ~ ~ .~ Goethite and gypsum are only found in
ii~g § ~ Manoa and Palolo Valleys and Streams.
~ !:f if 0-.~ Maghemite, hematite, gibbsite, and gypsum
.E"g ~ i g are present in Ala Wai sediment samples.
8" ~ ~.g ~ Aeolian quartz is present in most of the
.5. ~ ~~ ~ samples. Authigenic minerals consist of pyrite,
.5 ~ ':;- <i::E calcite, and aragonite, and they are only
o ~ .~" ~ found in the Ala Wai sediment samples.
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